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REMARKS 

Claims 1-6 are pending in the application. 

I. The Rejections of Claims 1 and 2 

Claim 1 is rejected under 35 U.S.C. 102(b) as allegedly being anticipated by Onishi (US 

Pat. 4,816,540). 

Claim 2 is rejected under 35 U.S.C. 102(b) as being anticipated by Onishi (US Pat. 
4,816,540). 

Claim 1 is rejected on the ground of nonstatutory obviousness-type double patenting as 
being unpatentable over claim 1 of U.S. Patent No. 4,816,540 in view of Pack, Gene-Delivery 
Polymers. 

Claim 2 is rejected on the ground of nonstatutory obviousness-type double patenting as 
being unpatentable over claim 2 of U.S. Patent No. 4,816,540. 

Applicants respectfully submit that the present invention is not anticipated by or obvious 
over the disclosures of Onishi 4816540, alone or in view of Pack, and request that the Examiner 
reconsider and withdraw these rejections in view of the following remarks. 

Claims 1 and 2 recite " a non-viral gene delivery vector formed of an aqueous solution of 
a cationic graft-copolymer..." Onishi 4816540 does not disclose or suggest such an aqueous 
solution. 

It appears that the Examiner considers that the claimed polymer components and the 
polymer components of Onishi 4816540 are the same and, therefore, the products are the same. 
However, despite some similarities, there are clear patentable differences between the claimed 
non-viral gene delivery vector formed from an aqueous solution of a cationic graft-copolymer 
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and the cationic graft-copolymer of Onishi 4816540. Onishi 4816540 is useful as a micro 
carrier for cell cultivation and Immunoadsorbent. In the preparation procedure methanol was 
added to form an emulsion to yield a small insoluble particle. See, for example, Onishi 
4816540, column 5, lines 10-11, and column 6, lines 20 and 53. 

In the case of the present invention, which is useful as transfection reagent, in preparation 
procedure methanol was not used to form a polymer micelle. See also p. 190, 11.2-7 of the 
attached journal article Onishi et al, Characteristics of 
2-diethylaminoethvl(DEAE)-dextran-MMA graft copolymer as a non-viral gene carrier , 
Nanomedicine: Nanotechnology, Biology and Medicine, 3,184-191 (2007). 

Although the cationic graft-copolymer of Onishi 4816540 is insoluble in water, the 
cationic graft-copolymer of this invention is soluble in water and is thus a "non-viral gene 
delivery vector". 

For the above reasons, it is respectfully submitted that the subject matter of claims 1 
and 2 is neither taught by nor made obvious from the disclosures of Onishi 4816540, either alone 
or in combination with Pack, and it is requested that the rejections under 35 U.S.C. §102 and the 
obviousness-type double patenting rejection be reconsidered and withdrawn. 

II. The Rejections of Claims 3-6 

Claims 3 and 5 are rejected under 35 U.S.C. 103(a) as being unpatentable over Onishi 

(US Patent 4,816,540) in view of Pack, Gene-Delivery Polymers. 

Claims 4 and 6 are rejected under 35 U.S.C. 103(a) as being unpatentable over Onishi 
(US Patent 4,816,540) in view of Pack, Gene-Delivery Polymers. 
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Claims 3-6 are rejected on the ground of nonstatutory obviousness-type double patenting 
as being unpatentable over claim 1 of Onishi (U.S. Patent No. 4,816,540) in view of Pack, 
Gene-Delivery Polymers. 

Applicants respectfully submit that the present invention is not anticipated by or obvious 
over the disclosures of Onishi 4816540 in view of Pack and request that the Examiner reconsider 
and withdraw these rejections in view of the following remarks. 

In the Office Action, at page 2, line 11, the Examiner states Onishi 4816540 teaches a 
latex/aqueous solution at column 1, lines 37-42. Later, at page 4, line 3, the Examiner states 
that Onishi 4816540 teaches a process for preparing a latex/aqueous solution. 

However, at page 12, line 16, the Examiner states that Onishi 4816540 does not teach the 
polymer as being an aqueous solution. These descriptions are in conflict and contradictory. 

On page 16, lines 22-23, of the Office Action, the Examiner states that that a latex is by 
definition an aqueous solution comprising a polymeric substance. It is respectfully submitted 
that this is not correct. Rather, a latex is by definition an aqueous emulsion comprising a 
polymeric substance. 

Onishi 4816540 does not teach an aqueous solution. Further, Pack does not teach or 
disclose that using cationic polymers in vivo (hair, nail, tooth, skin, bone, and body) is the same 
as using cationic polymers as its aqueous solution. 

Although the Examiner still cites Pack (Gene-delivery polymers) as teaching forming a 

complex between a cationic graft polymer and DNA (Section 2.2.2), again, in Pack the polymers 

are not graft copolymers but homopolymers, as seen by the characterization that the polymers 

themselves comprise linear, branched, and dendrimeric structures. 
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To the contrary, the cationic graft-copolymer of this invention is a new class of 
polycationic transfection reagents based on reacting the cationic derivative of the water-soluble 
linear polymer having hydroxyl groups with a polymerizable olefin monomer in the presence of 
a red-ox initiator. The specifically designed molecular structure of the cationic graft-copolymer 
having a hydrophilic-hydrophobic micro-separated-domain ensures easy entry of DNA or RNA 
into cells (i.e. transfection) by condensing DNA or RNA to compact structures 
(graft-copolymer/DNA-complex or transfection-complex) and endosome buffering. The high 
efficiency of the graft-copolymer makes it a valuable tool for gene delivery or gene transfer 
experiments. These gene delivery systems consist of an elementary step of formation of the 
complex between the cationic graft-copolymer so obtained and nucleic acids, such as DNA or 
RNA. See, for example, Applicants' specification, page 6, lines 14-23. 

While a starting material/ reactant, i.e., DEAE-dextran, of the present invention is a 
cationic polymer similar to that cited in Pack, the cationic graft-copolymer of this invention is 
not a cationic polymer within the teachings of Pack. 

In section 2.2, Pack also shows that various synthetic vectors, including DEAE-dextran 
of a starting material for this invention, have suffered from problems including toxicity, low gene 
transfer efficiency, and in vivo instability. 

Pack teaches that synthetic gene delivery vectors electrostatically bind DNA and RNA 

(Section 2.2). Onishi 4816540 teaches that the cationic graft copolymer have a strong 

adsorbing power with a protein because of its cationic property and hydrophobic bond (column 1 , 

lines 53-58). Again, Pack teaches only electrostatically bind with DNA and RNA. Therefore, 

even if one skilled in the art were to combine the teachings of Onishi 4816540 and Pack, 
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Applicants' invention would not have been obtained. 

Onishi, Nanomedicine states "The complex form by 
DDMC(DEAE-Dextran-MMA-copolymer)/DNA should be a poly-ion complex (PIC) formed by 
a polymer micelle by the IR absorption spectrum of vOH vibration and vNH vibration at around 
3100 cm" 1 to 3800 cm as shown in Figure 2. The complex by DDMC/DNA should become a 
more compact by shift of vNH vibration at 3450 cm - ' in comparison with that of DDMC. 

There also is a difference between the complex by DDMC/DNA and the complex by 
DEAE-dextran/DNA with their structure by the decrease of vNH-0 vibration at around 3350 
cm-1 and the shift of vNH vibration from 3450 cm-1 to 3550 cm-1 in Figures 1 and 2. This 
shows that the complex by DDMC/DNA should form a more compact PIC by a force from 
multi-intermolecule hydrogen bond and by a hydrophobic force, in comparison with the complex 
by DEAEdextran/DNA." 

It is a misunderstanding that the grafted DEAE-dextran is able to ionicly bind anionic 
biopolymer as the Examiner states, because a cationic graft-copolymer of this invention is 
composed of a backbone polymer such as DEAE-dextran and the grafted olefin compound. 

As discussed in the Remarks accompanying the Amendment filed February 27, 2008, 
which are hereby incorporated by reference, it is unexpected that cationic graft-copolymer so 
obtained by graft-polymerizing methyl methacrylate of an olefin monomer onto DEAE-dextran 
of a cationic derivative of a water-soluble linear polymer having hydroxyl groups can solve these 
problems, especially of toxicity and low gene transfer efficiency. 

Pack does not provide any reason that a cationic graft-copolymer obtained by 

graft-polymerizing methyl methacrylate of an hydrophobic olefin monomer onto 
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DEAE-dextran of a cationic derivative of a water-soluble linear polymer having hydroxyl groups 
can solve its problems of transfection of DEAE-dextran as a cationic polymer, especially of 
toxicity and low gene transfer efficiency. 

Pack also does not teach that the cationic graft copolymer have both its cationic property 
and hydrophobic bond for a strong adsorbing power with DNA or RNA. 

Again, even if one skilled in the art were to combine the teachings of Onishi 4816540 and 
Pack, Applicants' invention would not have been obtained. 

Further to the Examiner's comments on the comparative data, Figure 3 in Onishi et al, 
Synthesis and Characterization of 2-Diethvl-aminoethvl-Dextran-Methyl Methacrylate Graft 
Copolymer for Nonviral Gene Delivery Vector. J. Applied Polymer Science, Vol. 98,9-14 (2005) 
(attached) shows the transfection of a monolayer of HEK 293 cells by the DEAE-dextran-MMA 
graft copolymer. As shown in Figure 3, with the transfection efficiency, the 
DEAE-dextran-MMA graft copolymer has a maximum value in Weight increase (%). See also 
Onishi J. Applied Polymer Science, p. 12, 11. 26-33. (Weight increase (%)= (weight of MMA 
used/weight of DEAE-dextran hydrochloride used) X 100.) 

Pack does not teach or disclose the characterization of these graft copolymer. 

For the above reasons, it is respectfully submitted that the subject matter of claims 3-6 is 
neither taught by nor made obvious from the disclosures of Onishi 4816540 in view of Pack and 
it is requested that the rejections under 35 U.S.C. §103(a) and the obviousness-type double 
patenting rejection be reconsidered and withdrawn. 
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III. Conclusion 

In view of the above, Applicants respectfully submit that their claimed invention is 
allowable and ask that the rejections under 35 U.S.C. §102 and 35 U.S.C. §103 and the 
obviousness-type double patenting rejection be reconsidered and withdrawn. Applicants 
respectfully submit that this case is in condition for allowance and allowance is respectfully 



If any points remain at issue which the Examiner feels may be best resolved through a 
personal or telephone interview, the Examiner is kindly requested to contact the undersigned at 
the local exchange number listed below. 

If this paper is not timely filed, Applicant respectfully petitions for an appropriate 

extension of time. The fees for such an extension or any other fees that may be due with 

respect to this paper may be charged to Deposit Account No. 50-2866. 

Respectfully submitted, 
Westerman, Hattori, Daniels & Adrian, LLP 

Lee C. Wright 

Attorney for Applicant 

Registration No. 41,441 
Telephone: (202) 822-1100 
Facsimile: (202) 822-1111 

LCW 

Enclosures: Onishi et al, Characteristics of 2-diethylaminoethylfDEAEVdextran-MMA 
graft copolymer as a non-viral gene carrier . Nanomedicine: Nanotechnology, 
Biology and Medicine, 3,184-191 (2007) 

Onishi et al, Synthesis and Characterization of 
2-Diethvl-aminoethvl-Dextran-Methyl Methacrvlate Graft Copolymer for 
Nonviral Gene Delivery Vector . J. Applied Polymer Science, Vol. 98, 9-14 
(2005) 
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A stable and soapless latex of diediylammoethyl-dextran-methyl methacrylate (DEAE-dextran- 
MMA) graft copolymer (DDMC) has been developed for nonviral gene delivery vectors that are 
possible to autoclave. DDMC relatively easily formed a polyion complex between DNA and DDMC 
by the hydrophobic force of grail poly( MMA) depending on its large positive entropy change (AS). 
DDMC has been confirmed as having a high protection facility for DNase by DNase degradation 
test.Transfection activity was determined using the p-galactosidase assay, and a higher value of 16 
times or more was confirmed for the DDMC samples in comparison with one of the starting DEAE- 
dextran hydrochloride samples. The resulting DDMC, having an amphophilic domain so as to form a 
polymer micelle, should become a stable latex with a hydrophilic-hydrophobic microseparated 
domain. The complex of DDMC and plasmid DNA may be formed on the spherical structure of the 
amphiphilic microseparated domain of DDMC and have a good affinity to the cell membrane. The 
infrared absorption spectrum shift to a high-energy direction at around 3450 cm" 1 , because of the 
complexes between DNA and DDMC, may cause the formation of more compact structures, not only 
by a coulomb force between the phosphoric acid of DNA and the DEAE group of DEAE-dextran 
copolymer but also by a force from the multi-intermolecule hydrogen bond in the backbone polymer 
DEAE-dextran and a hydrophobic force from the graft poly(MMA) in DDMC. It is thus concluded 
that DNA condensation may possibly have a high transfection efficiency via DDMC. The high 
efficiency of this graft copolymer, which is sterilized by an autoclave, may thus make it a valuable 
tool for safe gene delivery. 
© 2007 Elsevier Inc. All rights reserved. 

Nonviral gene delivery; 2-diethylaminoethyl (DEAE)-dextran-MMA graft copolymer; Transfection; DNA; Intracellular transport 



Recently, in vivo gene delivery has allowed for the study 
of gene expression via the insertion of foreign genes or the 
alteration of existing genes. However, some dangerous 
adverse effects remain associated with the use of viral 
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vectors. Nonviral gene delivery vectors may be a key tech- 
nology in circumventing the immunogenicity inherent in 
viral-mediated gene transfer. 

DEAE-dextran has been used as a nonviral gene delivery 
vector [1,2] because of its safety; it can be sterilized by 
autoclaving, unlike lipofection vectors. It may be preferable 
for gene therapy that DEAE-dextran offer only transient 
transfections. However, DEAE-dextran may not be superior 
to viral vectors and lipofection vectors with cytotoxic and 
transfection efficiency. For safety and a high transfection 
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Table 1 
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Copolymer 


Sample 

Weight-increase (%) J 


Pvecipitatio:: : 
by DNA (hr) 


DDMCI 


150 




DDMC2 




1.0 


DDMC3 130 1.5 


DEAE-dextran 


0 


96.0 



11 Sample weight increase (%) - (weight of MM A used weight of 
DEAE-dextran hydrochloride used) x 100. 



efficiency, many efforts have been centered on the field of 
nonviral gene delivery vectors, especially DEAE-dextran 
[3-5]. DEAE-dextran has been investigated to increase 
transfection efficiency [6] and found to have several good 
qualities for use with human macrophages [7]. DEAE- 
dextran, having strong adsorbing properties with DNA or 
RNA due to its cationic properties, has been found to change 
its adsorbing power for nucleic acids through pH and ion 
strength [8,9]. It is also well known that dextran-methyl 
methacrylate (MMA) graft copolymer, having a hydrophilic- 
hydrophobic microseparated domain, has a good affinity for 
the cell membrane [10]. The present article describes a novel 
graft copolymer having some possibilities as a nonviral 
gene delivery vector that is composed of a cationic derivative 
of dextran and a vinyl monomer. DDMC was obtained by 
graft-polymerizing MMA onto DEAE-dextran, in water 
using eerie ammonium nitrate to form a stable latex of 
DDMC [11-13], which is very effective as a nonviral gene 
delivery vector. 

Materials and methods 

Preparation of DDMC 

Samples DDMCI, DDMC2, and DDMC3 in Table 1 
were prepared as described below: 2 g of DEAE-dextran 
hydrochloride (nitrogen content 3%) derived from dextran 
having molecular weight 500,000 were dissolved in 100 mL 
of water, and then 4 mL, 3 mL, and 3.5 mL of MMA were 
added for samples DDMCI, DDMC2 and DDMC3, 
respectively. With stirring, the air in the reaction vessel 
was fully replaced with N 2 gas. To the solution was added 
0.1 g of eerie ammonium nitrate and 15 mL of 0.1 M nitric 
acid, and the mixture was reacted with stirring for 1 hour at 
30°C. Then, 3 mL of a 1% aqueous solution of 
hydroquinone were added to stop the reaction, and the 
resulting latex of DDMC was purified by water dialysis 
using a cellophane tube to remove the unreacted MMA, 
eerie salts, and nitric acid. 

Reaction between DDMC and DNA 

For the reaction between DDMC and DNA, to the DNA (EX 
salmon sperm) solution (20 mg/mL), a solution (10 mg/mL) 
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of the resulting latex of DDMC was added dropwise so 
as to obtain the complex between DDMC and DNA. 

Characterization of DDMC 

The resulting latex of DDMC was very stable and 
soapless in water. The resulting DDMC precipitated by 
methanol became insoluble in water and acetone at 25°C. 
Because DEAE-dextran hydrochloride precipitated by 
methanol is soluble in water and poly(MMA) is soluble in 
acetone, it is evident that the DDMC is not a mixture but a 
copolymer of DEAE-dextran and poly(MMA). 

The infrared (IR) absorption spectrum of DDMC as 
shown in Figure 1 has some characteristic absorption bands 
at 1730 cm -1 and at 1000 to 1150 cm" 1 , which are 
attributed to the carbonyl group of poly(MMA) and the 
pyranose ring of DEAE-dextran, respectively. Therefore, 
the resulting DDMC shows different solubility from 
DEAE-dextran and poly(MMA) and shows the above- 
described characteristic absorption in the IR absorption 
spectrum. Based on this finding, the resulting DDMC was 
thus considered to be a graft-polymerized compound that 
forms a polymer micelle. 

Measurement of DNase degradation 

Toluidine blue (TB) and DNA form a complex by stain 
reaction [14]. Stain reaction between TB and DNA was 
carried out by adding 1 mL of 0.005% TB solution (pH 7.0) 
to 1 mL of DNA solution (10 mg/mL, EX salmon sperm, 
Wako, Osaka, Japan). For the reaction of DDMC/DNA, to 
2 mL of DNA solution mixed with TB solution, the solution 
(10 mg/mL as DEAE-dextran) of the resulting latex of 
DDMC was added to obtain the complex of DDMC/DNA 
stained by TB. 

The resulting precipitation of the complex was separated 
by filter (ADVANTEC 5A, Toyo Roshi, Tokyo, Japan), then 
added to 4 mL of distilled water, mixed with 0.01 mL 
(10 units) of DNase (RQ1 RNase-Free DNase, Promega, 
Madison, WI), and 0.1 mL of 10* reaction buffer (400 mM 
Tris-HCl, 100 mM MgS0 4 , 10 mM CaCl 2 , pH 8.0), and 
was incubated at 37°C for 6600 minutes. DNase degrada- 
tion was determined by measuring the absorbance for TB 
isolated from DNA in the water with a spectrophotometer 
(SPECTRONIC20 MILTON ROY, Ivyland, PA). TB in 
water absorbs broadly in the red range, with a maximum 
absorption at 633 nm and a shoulder near 600 nm.The 
wavelength at which the absorbance was followed was 
chosen to give a reasonably large initial absorbance; the 
wavelength used for this experiment was 633 nm. 

Transfection 

Cell line and culture 

The HEK293 cell line is a permanent line of primary 
human embryonal kidney transformed by sheared human 
adenovirus type 5 DNA [15]. The cell line was grown in 
Dulbecco's Modified Eagle Medium supplemented with 
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10% (w/v) fetal calf serum, 0.1 mM nonessential amino 
acids, 5 mM L-glutamine, and antibiotics (streptomycin, 
10 ug/mL; penicillin, 100 U/mL). 

Plasmid DNA 

A pCAGGS/LacZ, which expresses (J-galactosidase in 
eukaryotic cells, was inserted under the CAG promoter of a 
plasmid, pCAGGS. Plasmids were amplified in Escherichia 
coli DH5a and purified using a Qiagn Mega plasmid 
purification kit (Qiagen, Valencia, CA). 

Transfection by DDMC/DNA 

For transfection by DDMC/DNA, HEK293 cells (15 x 
10 4 cells) were seeded in 3 5 -mm culture dishes and 
incubated at 37°C in a humidified atmosphere of 5% C0 2 . 
In a sterile tube we diluted 10 rig of DNA in 270 uL of 1 x 
phosphate-buffered saline (PBS). We added 14 uL of the 
autoclaved DDMC having a concentration of 10 mg/mL, 
except DDMC3 (for DDMC3, 10 mg/mL as DEAE-dextran) 
to the DNA solution. We then briefly mixed the solutions by 
vortexing. We next removed the growth medium from the 
cells to be transfected and washed the cells twice with 1 x 
PBS. We then added the DDMC/DNA solution to cover the 
cells. We tilted the dish slowly several times to ensure 
complete coverage of the cells, and incubated it at 37°C for 
30 minutes. We slowly tilted the dish several times during the 
incubation. We added 3 mL of growth medium, incubated for 
up to 2.5 hours or until cytotoxicity was apparent, then 
changed the medium and incubated it at 37°C for 48 hours. 
After the incubation, transfection activity was determined 
using the X-gal staining method and p-galactosidase assay. 
Following the transfection protocol, transfection of 
HEK293 cells by sample DDMC1, DDMC2, and DDMC3 
was carried out using the plasmid DNA. 



Results 

Structure of the complex between DNA and DDMC 

The obtained complex was insoluble in water, which is a 
good solvent for nucleic acids. These results show that the 
complex between DNA and DDMC must consist of a poly-ion 
complex (PIC) [ 1 6] formed by a polymer micelle. In the case of 
sample DDMC2, the complex between DNA and DDMC2 
having 100% of weight increases required 1 hour to precipitate. 
The complex between DNA and DDMC1 having 150% 
weight increases required 2 hours to precipitate, respectively. 
However, the complex between DNA and DEAE-dextran 
hydrochloride required 96 hours to precipitate at this condition, 
as shown in Table 1 . These results show that the precipitation 
time (hours) decreased according to the percentage of weight 
increase of the DDMC samples as DDMC1 > DDMC3 > 
DDMC2 > DEAE-dextran. The greater the percentage weight 
increase of the DDMC samples, the higher the increase in 
hydrophobic domains in the DDMC samples by graft poly 
(MMA) becomes, thus making it easy to form PICs between 
DNA and DDMC by a hydrophobic force depending on its 
large positive entropy change (AS). Figure 1 shows the IR 
absorption spectra of the resulting complex between DDMC2 
and DNA. The spectrum of the complex has some character- 
istic absorption bands at 1730cm -1 , 1220 cm -1 , and at 1000 to 
1 150 cm" 1 , which are attributed to the carbonyl group of poly 
(MMA), P-0 stretching vibration of DNA, and the pyranose 
ring of DEAE-dextran, respectively. 

Figure 2 also shows the IR spectrum of both the complex 
by DDMC2/DNA and the complex by DEAE-dextran/DNA 
in comparison with DDMC2 and DEAE-dextran, respec- 
tively. The spectrum of the complex has some characteristic 
absorption bands caused by hydrogen bonds by -OH and 
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Fig 2. IR absorption spectra, a, Complex of DDMC2/DNA. b, DDMC2. c, 
Complex of DEAE-dextran/DNA. d, DEAE-dextran. 

-NH at around 3100 cnT 1 to 3800 crrT 1 showing a structure 
of the complex. 

The complex form by DDMC/DNA should be a PIC 
formed by a polymer micelle by the IR absorption spectrum of 
vOH vibration and vNH vibration at around 3100 crrT 1 to 
3800 crrT 1 as shown in Figure 2. The complex by DDMC/ 
DNA should become a more compact by shift of vNH 
vibration at 3450 crrT 1 in comparison with that of DDMC. 
There also was a difference between the complex by DDMC/ 
DNA and the complex by DEAE-dextran/DNA with their 
structure by the decrease of vNH-0 vibration at around 
3350 crrT 1 and the shift of vNH vibration from 3450 crrT 1 to 
3550 crrT 1 in Figures 1 and 2. This shows that the complex by 
DDMC/DNA should form a more compact PIC by a force 
from multi-intermolecule hydrogen bond and by a hydro- 
phobic force, in comparison with the complex by DEAE- 
dextran/DNA. 

This may be due not only to the coulomb force between the 
phosphoric acid of DNA and the DEAE group of DEAE- 
dextran copolymer but also a force from the multi- 



intermolecule hydrogen bond and a hydrophobic force from 
the hydrophobic domains of the graft poly(MMA) in DDMC. 
These findings lead us to conclude that DNA condensation by 
a coil-globule transition for DDMC may thus make it possible 
to obtain a high transfection efficiency [17,18]. 

Transfection efficiency 

As shown in Figure 3, with the transfection efficiency, 
transfection activity was determined using the X-gal staining 
method and a higher value was confirmed for the samples of 
DDMC1 and DDMC2 than for the starting DEAE-dextran 
hydrochloride. In Figure 4, the quantities of the f5- 
galactosidase enzyme are shown as f5 -gal/protein [mU-mL/ 
mg] for the case of DDMC3 and DEAE-dextran. From these 
results, the transfection efficiency and the reaction rate of 
formation of the complex should increase by 16 times or 
more when using DDMC hydrochloride instead of DEAE- 
dextran hydrochloride. 

Cytotoxicity for the transfection 

Figure 5 shows the change of transfection efficiency 
when using twice the quantity of both DNA and DDMC 
as in the protocol, for example, 20 mg DNA. Transfection 
of HEK293 cells by sample DDMC1 and DDMC2, carried 
out using twice the quantity of both DNA and DDMC as 
in the protocol, has shown two times higher efficiency than 
the original by a transfection activity determined using the 
X-gal staining method. If these results are to be impossible 
for DEAE-dextran, cytotoxicity for the transfection should 
be confirmed to decrease and improve when using DDMC 
hydrochloride instead of DEAE-dextran hydrochloride. 

DNase degradation 

DNase I degrades both double- stranded and single- 
stranded DNA endonucleolytically, producing 3'-OH oligo- 
nucleotides. TB is isolated in water from DNA at the 
degradation, when DNA is stained by TB. Figure 6 shows 
the absorbance for TB isolated from the DNA of samples in 
the water with a spectrophotometer. 

Because Beer's law plot between the absorbance and 
concentration of TB applies [19], Figure 6 also shows the 
rate of DNase degradation with a slope of both the 
absorbance and time. The DEAE-dextran/DNA sample 
shows some degradation by DNase in Figure 6, but the 
DDMC3/DNA sample shows a very low DNase degradation. 
We also found that the DNA at the colloidal stage of the 
interaction with DEAE-dextran was protected against DNase 
degradation [4,20,21]. As a result, DDMC obviously has a 
higher protective effect on DNase than DEAE-dextran. 

Discussion 

Regarding transfection by DEAE-dextran, there were 
barriers to DNA delivery from degradation by DNase and 
dextran sucrase. To solve this problem, DDMC of a high 
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Fig 4. p-galactosidase assay. 2. DDMC3, weight increase 130%; 3. DEAE- 
dextran, weight increase 0%. Each condition represents the mean of four 
transfections per condition. Standard deviation was calculated and plotted 
for each condition. 



protection facility for DNase was obtained by the graft 
polymerization of MMA onto DEAE-dextran. DDMC 
transfection of cells was carried out using the following 
steps: (1) formation of a complex between DNA and DDMC, 
(2) uptake, (3) endocytosis (endosome), (4) escape from 
endocytic vesicle, (5) DNA release in cytosol, (6) nuclear 
entry, (7) DNA release and transcription in nucleus. 



Regarding transfection efficiency, it was considered 
important to examine the steps, except formation of the 
complex, in step (1) for DNA protection from degradation by 
DNase I attack, DNA penetration of the plasma membrane, 
and intracellular release of DNA in these steps. 

However, the formation of the complex in step (1) is 
very important because DNA is tightly packed in native 
genomes and the manner of this packaging is involved in 
the mechanism of gene expression. Formation of the 
complex may induce the structural transition of DNA, 
which is known as DNA condensation by a coil-globule 
transition [17,18,22,23]. This may induce discrete ON/ 
OFF switching in transcriptional activity [23] and may 
promote a protection from the degradation of entrapped 
DNA and associated complexes, such as the result of 
Figure 6. The positively charged DEAE-dextran copolymer 
interacts with the negatively charged phosphate backbone 
of DNA. 

The resulting complex in step (1) is absorbed into cells by 
endocytosis. The specifically compact-designed molecular 
structure of the DDMC of a positive charge and a 
hydrophilic -hydrophobic microseparated domain ensures 
easy entry of DNA into cells for steps (2) through (7). The 
formation of a complex between nucleic acids (DNA or 
RNA) and DDMC should be accomplished at the first step 
by a coulomb force between the phosphoric acid of nucleic 
acids and its DEAE group, as explained by the IR absorption 
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Fig 6. DNase degradation: The samples were added to 4 mL of distilled water, then 10 units of DNase (RQ1 RNase-Free DNase, Promega, Madison, WI) ai 
0.1 mL of lOxreaction buffer (400 mM Tris-HCl, 100 mM MgS04, 10 mM CaC12, pH 8), and incubated at 37°C. The wavelength used for this experiment w 
633 nm for toluidine blue isolated from DNA. 



spectra of the resulting complex between DDMC (sample 
DDMC2) and DNA in Figure 1. 

The spectrum of the complex has some characteristic 
absorption bands at 1730 cnT 1 , 1220 cnT 1 , 1000 to 
1150 cnT 1 , and at 3450 cnT 1 , which is attributed to the 



carbonyl group of poly(MMA), P-0 stretching vibration of 
DNA, the pyranose ring of DEAE-dextran, and the DEAE 
group of DEAE-dextran, respectively. The absorption 
spectrum shift at about 3450 crrT 1 of the complexes may 
cause the formation of more compact structures by a 
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coulomb force between the phosphoric acid of DNA and the 
DEAE group of the DEAE-dextran copolymer to lead to 
DNA condensation [17,18,22,23]. 

However, there was also a different structure between the 
complex by DDMC/DNA and the complex by DEAE- 
dextran/DNA with the decrease of the iNH-0 vibration at 
about 3350 cm" 1 and the shift of the iNH vibration from 
3450 cm -1 to 3550 cm -1 in Figure 2. From the viewpoint of 
thermodynamics for the complex reaction between DNA and 
DDMC, the Gibbs free energy change at complex reaction 
AG[Jg _1 ] can be written as follows: 

AG = AH — TAS (1) 

where AH[Jg _1 ] is the enthalpy change and AS[Jg _1 K _1 ] is 
the entropy change at the complex reaction by DNA/ 
DDMC. The Gibbs free energy change AG[Jg _1 ] at the 
complex reaction should be negative for its large positive 
entropy change (AS) by a hydrophobic force from 
hydrophobic domains of poly(MMA) in DDMC, because 
the enthalpy change AH[Jg _1 ] is very small in comparison 
with entropy change (AS). This means that the complex 
reaction between DNA and DDMC may easily proceed 
and the molecule of the complex in a crystal structure may 
be more tightly packed in comparison to DEAE-dextran/ 
DNA, as shown by its precipitation time in Table 1. 

This may support the concept that the complex by 
DDMC/DNA is compactly formed not only by a coulomb 
force between the phosphoric acid of DNA and the DEAE 
group of DEAE-dextran copolymer but also by a force from 
the multi-intermolecule hydrogen bond and a hydrophobic 
force from the hydrophobic domains of graft poly(MMA) in 



DDMC, and that it has a high protection facility for DNase, 
as shown in Figure 6. 

As shown in Figure 7, the resulting DDMC of hairy 
nanoparticles, which has an amphiphilic domain so as to 
form a polymer micelle, should become a stable latex of core 
shell particles with a hydrophilic-hydrophobic microsepa- 
rated domain [24]. The complex of DDMC and plasmid 
DNA may be formed initially on the spherical structure of 
the amphiphilic microseparated-domain of DDMC and have 
a good affinity to the cell membrane. When (step 5) DNA is 
released in cytosol, the spherical structure may be protected 
from degradation by DNase and dextran sucrase,thereby 
making it easier for (step 6) nuclear entry to occur. 

Conclusions 

Based on the above findings, DDMC is therefore 
considered to have a reasonably high protective effect on 
DNase, a low cytotoxicity, and a high transfection efficiency. 

The high efficiency of this autoclaved graft copolymer 
may thus make it a valuable tool for gene delivery in vivo. 

Figure 7. Schematic representation of endocytosis by a 
complex between DDMC and plasmid. The complex of 
DDMC/plasmid DNA may be formed initially on the 
spherical structure of the amphiphilic microseparated 
domain of DDMC by a polymer micelle. 
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ABSTRACT: A stable and soapless latex of 2-d iethvl-ami- 
noethvl (DEAE'l-dextran-methvl tnethacrvlate (MMA) graft 

-p, h n. ,Pjm l .,11, . . h * 

t i \ > i K i \ a> > h ^o n . , x i 

DDMC was newly prepared using MMA and DEAE-dext- 
ran. Following a transaction protocol, transection of HEK 
2 c O cclis by DDC1, DLH i )C3 sampler was car 

out using hplasmid DN'A. With the tmnsfcc tier, efficiency 
determined using the X-Cal staining method, a higher value 
U r t i.u- >i in, n i , >\ ^ , k, L >( 

and DDC2 (but not for DDC3) than for the starting DEAE- 
dextran hydrochloride. The absorption spectrum shift at 
around 3400 cm 1 of the complexes between DDMC and 



DNA may support the formation of mote compact struc- 
tures bv a Coulomb force between the phosphoric acid of 
DNA and the DEAE group of DEAE-dextran, concluding in 
DNA tion. The ti I i t ulai 

structure of DDMC to ensure easy entry of DNA into cells 
needs not only a positive charge and a hydrophilic-- hydro- 
phobic microscparatod domain but aiso more compact struc- 
tmos tor trail. -.feci ion steps. : 2005 Wile, I'eriodlcais, la..:, j Appl 
Poiym Sci 98: 9-14, 2005 

Key words: transfection; DNA; 2-diethyl-aminoethyl-dex- 
t ieth\ i 1 v itc, poslthae charge; polviors com >k < 

microseparated domain 



INTRODUCTION 

Recently, in vivo gene delivery has allowed the study 
of gene expression and function in animal models via 
insertion of foreign genes or alteration of existing 
genes and/or their expression patterns. The transfec- 
tion mechanism between transferred DNA or RNA 
and a cell has been studied and clinical tests for trans- 
fection have become easy to carry out using a viral 
vector. However, some dangerous adverse effects re- 
main associated with the use of viral vectors. 

Nonviral gene delivery vectors may be a key tech- 
nolixu n cin utnvi i 1 i inogi h mo nl 

in viral-mediated gene transfer. 

Water-soluble cationic polysaccharides are aiso of 
interest for a nonviral gene delivery vector to increase 
safety by m ^ i/i g, v incidence of serious diseases 
resulting from the immunogenicity inherent in viral 
vectors/ 2-Dh id, n >EAE)-devK tas 



the 



: polys. 



rides, such as DEAE- 



f \pp - dymer: 
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dextran, are not: superior to viral vectors with trans- 
fection efficiency. 

Many efforts have been made for safety and high 
transfection efficiency in. the field of nonviral gene 
delivery vectors.' 6 DEAE-dextran has been investi- 
gated, and its transfection conditions increase trans- 
fection efficiency and several good conditions for a 
human macrophage have been found. 7 

DEAE-dextran lias strong adsorbing properties 
with nucleic acids, such as DNA and R.N A, because of 
its cationic properties and is able to adsorb specific 
nucleic acids \ changing the pH and ion strength v " 

The interaction between DNA and basic proteins 
such as histones, known bv the appearance of a par- 
tialis, nnnTb-d ieJit on . hromatin. piavs a key role in 
the legniauon t the gem i aw t ^ -ho ! '' [ , .j t(L 
turaJ fransitioi i )NA, \\ h >'< a il globule 
transition, induces discrete on/off switching on tran- 
scriptional activity." This collapse transition in single 
giant DNA chains has been reviewed as DNA conden- 
sation. 12 The in vitro collapse of DNA may be induced 
by various cationic compound ve> tej s s scat ni 
lipids, 13 " 15 peptides, 16 or cationic polymers. 17 '' 8 In the 
case of cationic lipid vectors, the complex of dioctade- 
cylamidoglyc vlsperm ine (DOGS) /DNA, which has a 
nucleosome-like structure in which DNA wraps 
around a micellar aggregate of DOGS and has an 
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association with each other to form a network struc- 
ture, is very effective for gene transfection. 11 

The complex by cationic polymers/DNA in cytc- 
|1 sn uin \ i i i - i i t \ so 

the collapse ot'DNA. 12 In the case of cationic dextran, 
the complex ot L i - 1 - i \ i ^ N \ in the cytoplasm 
can be protected from DNaser However, there are 
problems for the complex to be degraded in vivo by 



Do. 



oh facility for endo- 



high but the reasons why may not be enough to pro- 
tect it from degradation of she complex between DE- 
AE-dextrart and DNA, especially at the escape from 
the endocytic vesicle. 3 

Graft polymerization of methyl methacrylate 
(MMA) onto DEAE-dextran can be very effective for 
tise improvement of the defect of DEAE-dextran with 
its protective facility from the degradation or the com- 
plex in the cytoplasm because of its graft chains of 
MMA. 19 

These graft copolymers have an amphiphilic do- 
main to form a polymer micelle and should become a 
stable latex with a hydrophilic-hydrophobic mi- 
croseparated domain to form a spherical structure. 20 
The complex of DEAE-dextran- MMA graft copoly- 
mer (DDMQ/DNA to be formed on the spherical 
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TABLE I 

Properties of DEAE-Dextran-MMA Graft Copofyrne 



DDC1 
DDC2 
DDC3 

DEAE-dextran 



Weight increase (%) = (weigh; of MMA used /weight o 
L'E \r-Je\hvii :.-1rMit,u.i(fiisd; o: !()() 



samples, respectively. While stirring, the air in the 
reaction vessel was fully replaced with nitrogen gas. 
To the solution was added 0.1 g of eerie ammonium 
nitrate and 15 mL of 0.1 N nitric acid, and the mixture 
was reacted with stirring for 3 h at 30°C. Them 3 mL of 
a 1% aqueous solution of hydroquinone was added, to 
stop the reaction, and the resulting latex of DDMC 
was purified by water dialysis using a cellophane tube 
in order to remove the unreacted. MMA, eerie salts, 
and nitric acid. The resulting latex of DDMC was 
stable and soapless. 



Synthesis of complex of DDMC/DNA 

Two milliliters of a 1 0 rng/mL solution of the resulting 
latex of DDMC was added dropwise to 1 mL of a 20 
mg/mL DNA (EX salmon sperm) solution to obtain a. 
complex of DDMC/DNA. 



delivery vector that is composed of a cationic deriva- 
tive of a water-soluble linear polymer and a vinyl ester 
monomer. 

The DDMC graft copolymer was obtained by graft 
polymerizing a vinyl ester monomer (MMA) onto a 
cationic derivative of a water-soluble linear polysac- 
charide (DEAE-dextran) in water using eerie ammo- 
nium nitrate to obtain a stable latex of DDMC, 22 which 
is very effective as a non viral gene delivery vector. 

It is expected that non viral vectors, such as the 
DDMC in ihb ai tide v- M mcm.:^ _-Mer\ h\ nuwaam 
ing the incidence of serious diseases resulting from the 
inimunogenieitv inherent in viral vectors. 



Measurement of IR absorption spectra 

1R measurements on DDMC samples and DDMC/ 
DNA complexes were carried out by the KBr powder 
method using Jasco FT/1R-300. 



Transfection proto< 



ills is a modification of th 



ction of monolayer 
■■1 by Ai-Mosllh and 



EXPERIMENTAL 

Polymerization procedure of DDMC 

Samples DDC1, DDC2, and DDC3 in Table 1 were 
prepared by the following procedure: 2 g of DEAE- 
dextran hydrochloride (3% nitrogen) derived from 
dextran (weight-average molecular weight = 500,000) 
was dissolved in 100 mL of water; then, 3, 4, and 6 mL 
of MMA was added for DDC1, DDC2, and DDC3 



Cell line and cell culture 

The 293 ceil line is a perman 
embryonal kidney (HEK) tr 
man adenovirus type 5 DN, 
at 37°C in the presence of 5 ! 
if led Eagle's medium supr 
calf serum, 0.1 mM noness 
L-giutanaine, and antibiotic 
cin, 100 U/mL penicillin). 



en t line ot i try human 
msformed by sheared hu- 
K, Tlte ceil line w as grown 
'o C0 2 in Duibecco's mod- 
■Jemertted with 10% fetal 
antial amino acids, 5 mM 
> (100 /Ltg/mL streptomy- 
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Figure 1 IR absorption spectr 
dextran-MMA graft copolymer 



<>f DEA [ I \ i \ X , it ".vl-v-Ivs-sxt .ind li i i \ ■- k o> 01 DMA in I) \ 
DDC2/DNA complex (spectrum a) and DDC2 (spectrum b). 



Plasmid DNA and reagents 

A pCAGGS/LacZ, which expresses /3-galacfosidase at 
eukaryotic cells., was inserted under the CAG pro- 
moter of a plasmid (pCAGGS). Piasmids were ampli- 
fied in Escherichia co'd DH5a and purified by a Qiagen 
Mega plasmid purification kit (Qiagen). 5-Bromo-4- 
chloro-3-indo 1 y I - [3 - o -g afactopyranoside ( X-G al) stain- 
ing solution was purchased from Promega. The stain- 
ing solution for jj pah - is> t v -m t cells was 
20 rng/m'L X-Gal (stored at -20°C), 50 mM potassium 
ferricyanide, 50 mM potassium ferrocyanide, and 1M 
b >( I lib- i .v L . j . -ah i. >- 1 - - ! 
Hon, without X-Gal, can be prepared in advance and 
stored at room temperature in the dark. X-Gai was 
added from a stock solution jus: before Li.se. 



Transfection by DDMC/DNA 

Cell line 293 cells (15 X 10 4 cells) were seeded on 
35-mm culture dishes and incubated at 37°C in a hu- 
midified atmosphere of 5% COp. in a sterile tube, 10 
Mg of DNA was diluted in 270 juL of 1 X PBS (for XI 
dilute). To the DNA solution was added 14 /xL of 
DDMC (autoclaved) havin.g a concentration of 10 mg/ 
mL. Then, it was mixed by brief vortexing and the 
growth medium was removed from the cells to be 
transfected. The cells were washed twice with 1 
X PBS,, and DDMC/ DNA solution was added to cover 
the cells. The dish was slowly moved side to side 
several times to ensure complete cover of the ceils, and 
they were incubated at 37 C C for 30 min. The dish was 



slowly moved side to side several times during the 
incubation. Then, 1 mL of growth medium was added, 
and it was incubated at 37' : 'C for 48 h. After tire incu- 
bation, the transfection activity was determined, using 
the X-Gal staining method. 

RESULTS AND DISCUSSION 

The resulting DE A E~ d extra n~MM A copolymer is in- 
soluble in water and acetone at 25°C. In view of the 
fact that DEAE-dextran hydrochloride is soluble in 
water and pi \ V V \ i 1 Y\l V is soluble in acetone, 
it is evident that DDMC is not a mixture of DEAE- 
dextran and PMMA. 

The IR absorption spectrum of the copolymer shown 
in I igum i I ^- - t d 3i iio«l -t <- ) pt i n I a id- at 
1730 and 1000-1150 cm" 1 , which are attributed to the 
carbonyl group of PMMA and the py ramose ring of 
DEAE-dextran, respectively. Thus, the resulting DDMC 
exhibits different solubility from DEAE-dextran and 
PMM v and shows the • h irai teristit sbsorytion in the IR 
i . i "in 1 i- En t, 1 lodged that the 
resulting DDMC is a graft-polymerized compound. 22 

Reaction between DDMC and DNA 

A solution of the resulting latex of DEAE- dextran- 
MMA copolymer was added dropwise to the DNA 
(EX salmon sperm) solution in order to obtain the 
complex of DDMC/DNA (Fig. 2). The obtained com- 
plex was insoluble in water, which is a good solvent 
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Figure 2 IR absorption spectra of complexes between DNA and DE AE- dextran-MM A graft copolymer: DDC1/DNA 
complex (spectrum A), DDC2/DNA complex (spectrum 3), and DDC3/DNA complex (spectrum C). 



for nucleic acids. These results show that the complex 
between DDMC and DNA must form a polyion com- 
plex. In the case of sample DDC2, a complex between 
DDC2 and DNA having a 200% weight increase 
needed 1 h to precipitate. 

The complex between DDMCs (DDC3 and DDC1) 
having 300 am ^ ^ ij l t - i i _'N A needed 
0.5 and 2 h to precipitate, respectively. However, a com- 
plex between DNA and DEAE-dextran hydrochloride 
needed <>(• h iu i m> ij ii.H- und-i Ibis omdil'v n. 

Figure 1 also shows the 1R absorption spectre of the 
resulting complex between DDC2 and DNA. The 
spectrum of Hie complex has some characteristic ab- 
sorption bands at 1730, 1220, and 1000-1150 cm" 1 , 
which are ntnbuti d to tin , arbonvl group oi b'MM \, 

P O stretching vibration of DNA, and the pyranose 

ring of DEAF --dexfran, respectively. 

As shown in Table I, the complex between DDC1 
having a 150% weight increase and DNA was formed 
in 2 h. The complex between DDMC (DDC2 and 
DDC3) with 200 and 300% weight increases and DNA 
were formed in 1 and 0.5 h, respectively. However, a 
complex between DNA and DEAE-dextran hydro- 
chloride was formed in 96 h. 

Transfection by DDMC 

Following the transfection protocol, transfection of 
HEK 293 by the DDC1, DDC2, and DDC3 samples was 
carried out using plasmid DNA. As shown in Figure 3, 
with the transfection efficiency, the transfection activ- 
ity was determined using the X-Gal staming method 



and a value 5 times higher or more than, for the start- 
ing DEAE-dextran hydrochloride was confirmed for 
DDMC samples DDC1 and DDC2 (but not for DDC3). 

From the results, the transfection efficiency and the 
reaction rate of formation of the complex should in- 
crease when using DDMC hydrochloride instead of 
DE AE- dextran hydrochloride. 

Figure 4 shows the change of the transfection effi- 
ciency when using 2 times as much as the protocol 
quantity of both DNA and DDMC, for example, 20 mg 
of DNA. As shown in Figure 4, transfection of HEK 
293 by DDC1 and DDC2, carried out using 2 times as 
much as the protocol quantity of both DNA and 
DDMC shows 2 limes higher efficiency than the orig- 
inal In the transfection activih determined using the 
X-Gal staining method. From the results, its cytotox- 
icity !.» tin' ii.i]i-^f"C:i"U •>!:> •■:!•! be . unhrmed io de- 
crease and improve when using DDMC hydrochloride 
m cad of DF \E d t x n - *chloride. 

DDMC transfection of ceils was carried out using 
the following steps: 

1. formation of a complex between DNA and 
DDMC, 

2. uptake, 

3. endocytosis (endosome), 

4. escape from the endocytic vesicle, 

5. DNA release in cytosol, 

6. nuclear entry, and 

7. DNA release and transcription in the nucleus. 

For transfection efficiency, it is very important to 
examine factors such as the uptake in step 2, resistance 
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of nuclease in step 3, escape from the endocytic vesicle 
in step 4, nuclear targeting in step 6, and DNA release 
in step 7. The positively charged DEAE-dextran co- 
polymer interacts with the negatively charged phos- 
phate backbone of DNA. The resulting complex in 
step 2 is absorbed into cells by endocytosis. 

The specifically designed molecular structure of 
DDMC having a positive charge and a hydrophilic- 
hydrophobic mbrosepa rated domain ensures easy en- 
try of DNA into cells for steps 2, 3, 4, 6, and 7. " 

Formation of a complex between nucleic acids 
(DNA or RNA) and cationic graft copolymers, such as 
DDMC, is accomplished bv a Coulomb force between 
the phosphoric acid of nucleic acids and the DEAE 
group of DEAE-dextran. 

Figure 1 shows the IR absorption spectra of the 
resulting complex between DDMC (sample DDC2) 
and DNA. The spectrum of the complex has some 
characteristic absorption bands at 1730, 1220, 1000- 
1150, and 3450 cm"', which are attributed to the car- 
bonyl group o VV \ K C 1 c\ ^\ l\-u 
of DNA,. Ibe p\ a imp m ti > c 1 me ami t i 
DEAE group' of DEAE-dextran, respectively. 

Figure 2 also shows She IR absorption spectra of the 
resulting complexes (samples DDCl, DDC2, and 
DDC3) between DDMC and DNA. The spectrum of 
the complexes has some characteristic absorption 



bands at around 3400 cm" 3 , which, is attributed to the 
N— H stretching vibration of the DEAE group of DE- 
AE-dextran, following the absorption shift in the or- 
der DDC2 > DDCl > DDC3 (to high energy). The 
absorption spectrum shift at around 3400 cm"' 1 of the 
complexes may support formation of more compact 
structures by a Coulomb force between the phospho- 
ric acid of DNA and the DEAE group of DEAE- 
dextran, to conclude DNA condensation. 

This phenomenon is very interesting, because DNA 
is usually tightl} ; aeked in oath e genomes and the 
maimer of tl i t^ing shoi d to dorn 

mate the mechanism of gene expression. 

The spt i ilk lesigui structure of 

DDMC to ensure easy entry of DNA into cells needs 
not ib a positive charge and a hydrophilic- hydro- 
phobic microse pa rated domain but also more compact 
structures tor steps 2, 3, 4, 6, and 7. This might be the 
reason why thf transfe tion efficiency of sample 
DDC A a 30i w hi na asewas nferior to the 
starting DEAE-dextran, 



CONCLUSIONS 

It: was recently discovered that the resulting latex of a 
cationic graft copolymer is superior to other high ef- 
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Figure 4 The effect of the cytotoxicity of the DEAE-dextran-MMA <ivi!'t cv>poSvmor on trap.>tcction of a monolayer of HEK 
293 cells. 



c trans - 
.: deriv- 
ie hav- 
>le vinyl ester 
initiator. The 



sacck 



ficiency transfection reagent vector 
larly for mammalian cells. 

This report is on a new class of 
fection reagents based on reacting 
ative of the water-soluble linear p 
ing hydroxy! groups with a poiytn 
monomer in the presence of a rt 
specifically designed molecular structure of the cat- 
iordc graft copolymer having a hyd rophilic-hydro- 
phobic mia oseparatec i nsures easy entry 

of DNA or RNA into cells (i.e., transfection) by con- 
densing DNA to compact structures (graft copoly- 
nkt > N \ x •> \ i id 

dosome buffering. The high efficiency' of the graft 
copolymer makes it a valuable tool tor gene delivery 
or gene transfer experiments. 

It is very important that these gene delivery systems 
consist of a first eiementarv step of the formation of 
the complex between the canonic graft copolymer 
thus obtained and DNA. 
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